Purpose: This retrospective study evaluated the clinical and radiographic status of nonsurgical endodontic treatment (ET) of anterior and posterior teeth in HIV-seropositive patients.
Introduction
During the last several years, remarkable advances have been made in improving the immune status, quality of life, and extending the lifespan of individuals infected with the human immunodeficiency virus (HIV). [1] [2] [3] [4] HIV infection and acquired immunodeficiency syndrome (AIDS) have been transformed from a disease with a progressive fulminant course leading to death rapidly to a chronic immunodeficiency disease. While in the initial decade of the HIV epidemic, dental treatment was directed toward definitive and palliative care; dental treatment of HIV-infected individuals is becoming similar to that typically administered to the general healthy population. Nonsurgical endodontic therapy in these dental patients will become commonplace. However, there are relatively few clinical studies 3, 5, 6 which assess the immediate postoperative complications of and success rate for endodontic therapy. Only a single clinical study has assessed the success or failure of endodontic therapy in an HIV-infected population on a short-term basis. 5 Evaluation of postoperative complications in HIVseropositive dental patients has focused primarily on tooth extraction and other invasive surgical procedures. 3, 6, 7, 8, 9 The prevalence of postoperative complications with tooth extraction varies from 4 to 23% for HIV-positive patients, compared with up to 13% for HIV-negative patients. In general postoperative complications with tooth extraction for both HIV-positive and HIV-negative groups were minor, self-limited, and readily treated. In a retrospective review of 2,477 dental procedures performed on 331 HIV-positive patients, no postoperative complications were identified in the immediate follow up period with 73 endodontic procedures. 6 This finding is somewhat surprising because the incidence of inter-appointment "flare-ups" in the general healthy population is estimated at 3.2%. 10 In a separate clinical study, 40 teeth in 32 HIV-seropositive patients underwent endodontic therapy and were evaluated for clinical success at one to three months following obturation. 5 Complications were encountered with only a single patient who had pain and swelling following root canal treatment. The clinical findings from the immediate and short-term assessment of endodontic therapy success in HIV-infected patients are encouraging. However, systematic evaluation based upon well-defined clinical and radiographic criteria has not been performed to determine the long-term outcome and complications of endodontic therapy in the HIV-infected population. This type of clinical investigation is important to determine the value of nonsurgical endodontics and anticipate postoperative complications in this patient population. The purpose of this retrospective study was to assess the long-term outcome of endodontic treatment (ET) provided in a dental clinic dedicated to the care of individuals with HIV infection. the total radiographic score (Table 3) for each endodontically treated tooth included evaluation of periodontal ligament widening, root resorption, lamina dura, and rarefaction. A radiographic score of four was considered successful, five as questionable, and six or greater as failure. Clinical data, clinical scores, radiographic scores, and overall outcome were analyzed using Analysis of Variance (ANOVA), Duncan's Multiple Range (DMR), and Chi-Square tests, where appropriate, at an alpha level of p<0.05.
Results
Retrospective review of radiographs immediately following root canal therapy determined that root canal obturation was adequate in 30 teeth, questionable in 11, and inadequate in 19. Obturation was evaluated as inadequate if unfilled patent canal space or excessive overextension was observed (Table 3) . Despite the radiographic shortcomings in canal obturation, evaluation at the follow-up visits resulted in 53 teeth receiving an overall composite score indicating clinically successful treatment (Table 4) . Six teeth were scored as questionable and one tooth was determined to be a failure. Radiographic evaluation alone at the follow-up visits resulted in only 48 teeth scored as successful, nine questionable, and three failures (Table 4) . ET outcome was similar regardless of the patients CD4 counts whether periapical lesions were present or not at initial diagnosis (Table 5) . Twenty-five teeth showed radiographic improvement, 32 no change, and three demonstrated progression of their
Methods and Materials
Nonsurgical ET was evaluated with 60 teeth from 54 patients. All patients were HIV seropositive, with 12 carrying the diagnosis of AIDS. ET was provided by several general practitioners dedicated to providing dental care for HIV-positive individuals. The endodontic therapy was carried out using multiple appointments and standard endodontic techniques. Canal instrumentation was accomplished using stainless steel hand files and a "step-back" canal instrumentation technique. During instrumentation, the canals were irrigated with sodium hypochlorite (5.25% solution). Canal obturation was accomplished using lateral condensation of gutta-percha and a zinc-oxide eugenol sealer. All treatments were performed in the same clinic over a sixyear period. Patient inclusion in the study was dependent upon availability for postoperative follow-up examination and a minimal follow-up period of six months. Patients were not excluded for any other reasons. Twenty-six anterior and 34 posterior teeth were evaluated with follow-up periods ranging from six to 67 months (Table  1) . Patient demographics and medications were recorded (Tables 1 and 2 ). Treatment was evaluated at the time of completion from available radiographs in the patient's record. Clinical and radiographic examinations were conducted at the follow-up visit. Radiographically, each tooth was scored by two endodontists. The clinical examination was performed by one endodontist. Treatment success or failure was assessed using clinical and radiographic criteria modified from Gutmann (1992) . Clinical and radiographic assessment factors used are listed in Table 3 . Each factor was given a numeric score of 1, 2, or 3 as delineated in Table 3 . Overall, there was a high level of agreement (90%) between the two endodontist evaluators. When discordant cases arose, mutual discussion was carried out and agreement on scoring was reached between the evaluators. At follow-up examination, the total clinical score (Table 3) for each endodontically treated tooth included evaluation of palpation, tooth mobility, periodontal pocket depth, sinus tract, percussion, tooth function, infection/swelling, and subjective symptoms. A clinical score of eight was considered successful, nine as questionable, and ten or greater as failure. The quality of obturation (Table 3 ) was evaluated at the initial ET appointment. At follow-up examination, periapical radiolucencies (Tables 6). Evaluation of 22 teeth with periapical radiolucencies, at the time of treatment and with subsequent resolution, is reported in Table 7 . The CD4 count, type of teeth treated, the quality of the obturation, and concurrent antibiotic treatment did not significantly influence the successful outcome of the ET (Table 8, p>0 .05, ANOVA, DMR). The presence or absence of a periapical lesion prior to treatment significantly affected successful outcome (Table  8, p<0 .05, ANOVA, DMR). Certain factors were associated with the presence of periapical lesions ( Table 8, p<0 .05, ANOVA, Chi-Square). Periapical lesions were present less frequently in patients receiving antiretrovirals, Pneumocystis carinii pneumonia prophylaxis (PCP), and antifungal agents. The use of antibiotics led to complete resolution in a substantial proportion of periapical lesions. Periapical lesions were present more frequently when outcome was assessed as questionable based upon radiologic criteria. Periapical lesion progression was associated with radiologic failure.
Discussion
Clinical and radiographic outcomes in clinical endodontic studies are difficult to compare with each other due to varying criteria and patient populations. The evaluation criteria selected for this study used both clinical and radiographic factors and was modified from that described by Gutmann. 11 Certain weaknesses occur in retrospective studies, such as the current clinical investigation. When multiple practitioners are involved, there is a lack of standardized treatment with different endodontic techniques being performed. Different criteria for clinically acceptable treatment at the time of completion of the endodontic therapy may also be encountered. Although considered a weakness in a rigid scientific study, these conditions may closely parallel what occurs in endodontic practice in various dental offices. Despite the lack of standardization of treatment and criteria for acceptable treatment, the evaluators in the current retrospective study utilized well-established clinical and radiologic criteria for evaluation of the immediate post-ET based upon clinical records and radiographs. 6 The subsequent treatment evaluations at the follow-up visits were performed by the investigators using standardized methods. Specific clinical and radiographic factors were evaluated ( Table 3 ). All clinical exams were performed by the same dentist. Radiographic assessment was performed by two practitioners in an attempt to minimize the subjective nature of radiographic interpretation. Each clinical and radiographic factor evaluated was scored using predetermined criteria (Table 3) .
Patients evaluated in this study were representative of those treated at a clinic dedicated to serving the dental needs of HIV-positive persons. Teeth evaluated were anterior and posterior; however, the later were predominately premolars. Patient demographics showed a wide spectrum in age, race, and CD4 count (Table 1) . Gender showed a three to one ratio of males to females. In addition to routine dental care, patients were being treated with a wide variety of medications for their medical condition (Table 2 ). Approximately one-third of the patients were given antibiotics concurrently with ET, based on practitioner judgment. Followup evaluation ranged from six to 67 months, with a mean of 26 months after completion of treatment.
Statistically, CD4 count, type of tooth treated, quality of obturation, and antibiotic therapy were not significant predictors of treatment outcome ( Table 8 ). The presence of a periapical lesion, pre-operatively, had a significant correlation with a questionable or failure outcome (Table 8) . This finding correlates with previous ET outcome studies in the general population. 12, 13, 14 Onehalf of our cases evaluated were determined to have questionable or even inadequate quality of obturation. Despite this finding, only three cases were determined to be failures after all parameters were considered during follow-up examination (Tables 4-6 ). This indicated endodontic failure based solely on the radiographic appearance of obturation quality did not determine definite outcome. Also, less than "ideal" root canal treatment in patients seropositive for HIV was determined to be successful using the clinical and radiologic evaluation parameters in this study. The three cases determined to be failures were equally distributed among the three CD4 count categories, indicating a low CD4 count does not always predict failure (Table 5 ). Twenty-two teeth had periapical lesions present at the time of treatment ( Table  7 ). All but two showed healing at the follow-up appointment. Concurrent antibiotics were given to 12 of these patients. Eight of the 20 did not receive antibiotics and demonstrated either partial or complete resolution of the periapical radiolucency. Uneventful healing in HIV positive patients, without the use of antibiotics, was also noted in the present study. This compares favorably with other published studies on ET in the HIV population. 5, 6, 9 Of interest is a recent study that reported when HIV-positive persons underwent routine dental care on a regular basis, 36% fewer endodontic procedures were necessary than when compared with HIV-positive patients seeking episodic dental treatment. 4 HIV-infected patients seeking episodic dental care (non-regular patients) underwent five-times as many anterior endodontic procedures, two-times more premolar endodontic therapies, but a similar proportion of molar ETs when compared with routinely treated HIV-infected patients. The increased need for endodontic therapy in non-regular HIV-positive patients was attributed to seeking dental care in an episodic manner, rather than undergoing routine dental care on a regular basis. Although access to care has been a concern, endodontists are willing to treat HIV-infected individuals as indicated in a 1995 survey of 422 endodontists. 15 The willingness to treat HIV-positive persons increased from only 21% in 1986 to 93% in 1995. In contrast only 67% of general dentists in 1995 were willing to treat HIV-infected persons. This 1995 survey also indicated less than 1% of patients in endodontic practices were HIV-positive or had AIDS, based upon patient self-reporting.
Over the past two decades since HIV infection was first recognized, this infectious disease has become a chronic disease process. With advances in antiretroviral treatment regimens, it is now possible for those affected by HIV to live for long periods in relatively good health. It is becoming commonplace for HIV-infected persons, and those with AIDS, to seek routine rather than episodic dental care for prevention and treatment of oral disease. From the present clinical study, it is evident root canal therapy has a high likelihood for success in persons with HIV infection with minimal complications.
Conclusion
Endodontic treatment in HIV/AIDS patients has a relatively high success rate. Clinical and radiographic success was found in 88% and 80%, respectively, of treated cases evaluated in this study. Of interest is the fact this degree of success was present despite inadequate obturation in 31% of endodontically treated teeth. In addition the majority of periapical lesions (20/ 22) underwent either complete (12/22) or partial resolution (8/22) . Demographically, this degree of success was demonstrated in a diverse patient population. The high success rate of ET and increasing longevity of HIV/AIDS patients makes ET a viable alternative to tooth loss in these patients and should be a standard of care for HIV/ AIDS patients with irreversible pulpal disease. Table 6 . Assessment of radiologic factors in HIV infection at follow-up examination. Table 7 . Periapical lesion radiologic status at follow-up examination.
Mean periapical lesion size prior to endodontic therapy -6.2 mm Mean periapical lesion size at follow-up examination -1.8 mm Mean reduction in periapical lesion size at follow-up examination -71% (4.4 mm) 
